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This paper focuses on aft radiated fan noise propagating through the bypass duct: the 
effect of duct geometry on noise propagation is examined. The acoustic benefits of a novel 
highly curved bypass geometry are compared with those of a typical modern turbofan 
engine bypass geometry. Both 2D and 3D finite element models are used to examine the 
effect of duct geometry and other features on noise propagation, including modal scattering 
within the duct. An analytic radiation model is also used to examine the effect of these 
features on sound directivity patterns in the far-field.  
I. Introduction 
Noise generated by the fan in a modern high bypass ratio engine is one of the major sources of aircraft noise 
emanating both at take-off and landing. This noise is radiated in both the forward and rearward arcs. Rearward 
propagating fan noise must first travel through the bypass duct before it is radiated through the exhaust, and 
attenuation of this noise within the bypass can significantly decrease the amount of noise radiated into the rear arc. 
For an accurate prediction of propagation within the bypass duct it is important to correctly model the source 
content at the duct inlet. Rearwards propagating fan noise contains contributions from many sources: tone peaks, 
containing several correlated interaction modes, sit on top of a broadband base level generated by turbulence, and 
containing multiple uncorrelated modes. Several other factors must also be included for an accurate propagation 
model. The convective and refractive effects of non-uniform mean flow within the duct can have a significant affect 
on noise propagation, and the scattering and attenuation of the resulting sound field can strongly depend on the 
impedance and placement of acoustic liners, and also on the duct geometry itself. The sound radiating through the 
duct exhaust is then diffracted by the nacelle, and refracted by the bypass shear layer, making the prediction of aft 
radiated fan noise somewhat more complicated than the corresponding intake problem. Figure 1 shows the path 
taken by noise radiating from a turbofan bypass duct. 
For a fully numerical solution to this problem, the in-duct domain and region surrounding the exit plane can be 
modelled using a conventional finite element mesh. The non-reflecting boundary condition necessary for the exterior 
domain can then be represented using a layer of high order infinite elements of the type developed by Astley1 and 
Eversman2. A Lorentz transform and Snell’s Law adjustment, such as described in Ref. 3, can be applied to the 
predicted far-field directivity for the no-flow case to account for the effects of uniform flow, and refraction by the 
bypass shear layer. This approach has the advantage of introducing information about the exterior geometry of the 
nacelle. However, to accurately represent the non-reflecting boundary condition, the exterior domain must be 
sufficiently large, resulting in model sizes of the order 105 – 106 nodes at Blade Passing Frequency (BPF) even for 
axisymmetric cases. This is a limiting factor, especially for multi-source, multi-frequency predictions, due to the 
requirement of large computational process-times and/or storage limits, which makes fully numerical approaches 
impractical for the design of aeroengines within industry.  
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